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The reactions of ethyl (I,4~dihydro~4-oioquinazo)in-2-yl)acctate 4 and 2-aminoquioarolin-4(lJ*>one 5 with 
diethyl ethoxyraethylenemalonate (EMME), (ethoxymethylene)malonanitrile (EMMN) and ethyl (etboxymeuv 
ylenc)cyanoacetate (EMCA) are reported, and rather different results are obtained to lho6C previously found 
with quinoline analogs. Reaction of 4 with EMME gives a pyrido{l,2«o)quinazoHne, while with EMMN and 
EMCA elhyl 2Kpyridin-2-yI)aminobenzoate* are formed, presumably by ring-opening of intermediate 
pyrido(2,l*6)quinazolines. Reaction of 5 with EMME likewise results in ultimate cyclization onto N-l of the 
quinaioline, while the EMMN and EMCA reactions give isolable pyrimidoftl-olquinazolraes. These are 
readily cleaved under mild conditions. 
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We recently showed that reactions of ethyl (1,4-dihydro- 
4-oxoqumoIin-2-vl)acetatc 1 with the malonic acid deriva* 
tives diethyl ethoxymethylenemalonate (EMME), (ethoxy- 
methylene)malononitrile (EMMN) and ethyl (ethoxymeth- 
ylene)cyanoacetate (EMCA) gave facile syntheses of 
ben2o[6)quinoHzines 2 or acridines 3, depending on 
reagent and conditions []]. 




EMME 



CH 2 CO j El 
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As reactions of arylaxnines with EMME etc ;are stan- 
dard methods of heterocycle formation [2], compound 5, 
which had not previously been investigated in sjuch reac- 
tions, was included for comparison. \ 

Reactions of Acetic Ester 4. 

Quite different behaviour to that of 1 was observed. In 
this case, reaction with EMME (no solvent) at 180° gave a 
good yield of a single product 6, where cyclitation occur- 
red onto position N-l rather than N-3 of the quinazoline 
ring. This assignment is based on the low field 'H nmr 
signal of H-10, due to the proximity of the carbonyi group. 
This was previously noted as characteristic of such angu- 
lar ring systems and was absent in linear acridinones [1] 
{3]. This preparation provides a simple entry to the 
pyrido[l,2-a]quinazohne system, for which there are few 
reported syntheses (4J. 



EMME 



0 



The ease of ring closure onto C-3 of the quinoline ring 
was of particular interest and appeared to be a conse- 
quence of the presence of the 4*oxo group. It was therefore 
thought worthwhile to check on the effect of replacing the 
3-CH group by N, compound 4, which might provide sim- 
ple entry into other tricyclic hetcrocydes of interest Sig- 
nificantly different behaviour to that observed for 1 has 
been found. 
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Table t 




EMMC 
t80° 



H 




O 

NH 
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Reaction with EMMN or EMCA also gave different be- 
haviour to that observed with the quinoline compound. 
Reaction with EMMN as before [1] (no solvent, 100°) gave 
a mixture from which a small amount of compound was 
isolated, which had a *H nmr spectrum as expected of a cy- 
clized compound but which contained an extra ethanol 
moiety. When the reaction was carried out in ethanol, this 
compound, identified as 6a by X-ray crystallography, was 
formed in good yield. Reaction of 4 with EMCA gave the 
analogous 8b, while 8c was formed from EMMN in eth- 
anedio! solvent 

These compounds were thermally quite stable. Com- 
pound 8a melted at 78-79° and then resolidified; the spec* 
trum was unchanged and this appeared to just have been a 
change in crystalline form (the relevance of this observa- 
tion will be seen regarding 5 below). 

The formation of 8 are best explained by intermediate 
formation of the linear tricycle 7 which then readily breaks 
down in a reaction with the solvent This seems more 
plausible than an angular intermediate analog of 2. If so, 
cyclization in the quinazoline aeries follows the opposite 
path to that in the quinoline. Though various conditions 
were tried, we were not able to obtain any direct evidence 
for 7. 

Pyrido[2,l-6]quinaxolin-ll-ones are readily cleaved in 
the centre ring, as suggested here, by alkaline hydrolysis, 
while the ring reforms when the 2<2-pyridinylamino)ben- 
soic acid so formed is heated above its melting point [5]. A 
related compound, 9, gave an analogous methyl ester on 
simply being stirred with methanol at Toom temperature 
[61 The apparent instability of 7 in hot ethanol is there- 
fore reasonable, though the refusal of 8 to recydize at 



Crysrd Data, for 8a 


Chemical formula 




Formula weight 


354.4 


Crystal system 


triclinic 


Space gToup 


PI 


MA) 


11.921(1) 


b(A) 


12.076(1) 


c(A) 


13.!SS(1) 


a (deg) 


81.49(1) 


0 (deg) 


98.24(1) 




101.37(1) 


V(At 


1623.4(3) 


Z 


4 


D„ (g cm" 5 ) 


U0(1) 


D. (d cm- 0 ) 


1.291 


F(000) 


744 


X(A) 


i.5418 


p(CoKa)(cm") 


6.89 


Crystal sue (mm) 


0.26x0.63 x 0.26 


T<K) 


289(1) 



elevated temperatures was a little surprising. It is sug- 
gested that the ready ring opening of 7 is due to steric in- 
teraction of the carbonyl group with the 9-amino substitu. 
ent, buttressed as the latter is by the 8-substituent. The py- 
ridine nitrogen in 8 would likewise be hindered to cvcliza- 
tiou by attack on the ester carbonyl carbon. 

The X-ray analysis of 8a revealed two independent mol- 
ecules in the crystal, both of which have similar conforma- 
tions. In both the molecules, the C, N and 0 atoms lie 
close to two planes, each of which includes the bridging ni- 




FLgure 1. ORTEP drawing oT 8a. Thermal ellipsoids are scaled to the 
50% probability level. Hydrogen stoma are shovrn as spheres of arbitrary 
radii. 



SOOC1D: <XP 1000831 /^_L> 



BEST AVAILABLE COPY 




Jan-Feb L989 * Reactions i.f 8o-.flt:<J\.l:<^-;Ii!L ^np-yi: 163 

i 

! 

Table 2 



Final Atomic Coordinates for 8a sod Isotropic Temperature Factors. 
Atoms 1 to 26 (molecule I) and Atoms 31 to 56 (molecule 2). E.s^d. Values are Given in Parentheses 



Aiom 


iv A/a 


IU I /o 


i n*7/^ 




Atom 


lOOCVa 


1 AlVJl 


10'Z/c 


B te 


an 


3262(1) 


1755(1) 


6201(1) 


3-26(3) 


H(3) 


367(2) 


385(2) 


431(1) 


3.5(4) 


cw 


3277(1) 


2292(1) 


5175(1) 


3.09(3) 


H(4) 


427(2) 


485(2} 


571(2) 


5.1(5) 


C(3) 


3679(2) 


3467(1) 


5013(1) 


3.48(3) 


H(5) 


420(2) 


400(2) 


748(2) 


5.6(5) 


C<4) 


4016(2) 


4082(2) 


5836(1) 


3.85(3) 


H(6) 


358(2) 


207(2) 


769(2) 


5.4$) 


C(5) 


3972(2) 


3563(2) 


6846(1) 


4.13(3) 


H(7) 


220(2) 


112(2) 


443(2) 


5.4(5) 


<*6) 


3615(2) 


2410(2) 


7016(1) 


3.89(3) 


H(12) 


207(2) 


139(2) 


98(2) 


4.4(4) 


N(7) 


2821(1) 


1664(1) 


4348(1) 


3.57(2) 


H(17a) 


-90(2) 


-3(2) 


239(2) 


53C5) 


0(8) 


3080(2) 


1878(1) 


3352(1) 


3.17(3) 


H(I7b) 


-37(2) 


-116(2) 


245(2) 


5.5CS) 


NW 


4079(1) 


2575(1) 


31760) 


336(2) 


H(18a) 


-113(2) 


4(2) 


55(2) 


7.5(7) 


CUO) 


4352(1) 


2838(1) 


2208(1) 


3.29(3) 


H08b) 


-62(2) 


-112(2) 


64(2) 


6.9® 


C(ll) 


3613(2) 


2418(2} 


1356(1) 


3.67(3) 


H(18c) 


-186(2) 


-110(2) 


108(2) 


6.6(6) 


Q12) 


2610(2) 


1674(2) 


1556(1) 


3.68(3) 


H(22a) 


334(3) 


-153(3) 


725(3) 


9.600) 


Q13) 


2317(2) 


1362(1) 


. 2548(1) 


3.26(3) 


H(22b) 


215(4) 


-137(3) 


759(3) 


11.602) 


004) 


1230(2) 


590(1) 


2737(1) 


3.50(3) 


H(23a) 


448(4) 


-90(3) 


878(3} 


12.4(1 1) 


0(15) 


921(1) 


272(1) 


3593(1) 


4.57(2) 


H(23b) 


336(3) 


-83(3) 


927(3} 


9.7(9) 


0(16) 


603(1) 


259(1) 


1882(1) 


3.92(2) 


H(23c) 


327(3) 


-217(3) 


908(2) 


9.2(8) 


C07) 


-518(2) 


-452(2) 


2027(2) 


4.37(3) 


H(26a) 


585(2) 


369(2) 


266(2) 


5.7(5) 


C(18) 


-1112(2) 


-689(2) 


980(2) 


5.09(4) 


H{26b) 


557(2) 


363(2) 


147(2) 


5.6(5) 


Q19) 


2676(2) 


511(2) 


6430(1) 


3.99(3) 


H(33) 


1085(2) 


705(2) 


289(2) 


4.7(5) 


0(20) 


2228(1) 


-80(1) 


5860(1) 


5.58(3) 


R(34) 


1191(2) 


795(2) 


161(2)* 


5.2(5) 


0(21) 


3312(1) 


108(1) 


7366(1) 


5.44(3) 


B05) 


1128(2) 


766(2) 


-16(2) 


4.9(5) 


Q22) 


2998(4) 


-1118(2) 


7686(2) 


7.03(6) 


H(36) 


952(2) 


640(2) 


-51(2) 


5.6(5) 


Q23) 


3490(4) 


-1324(3) 


8776(2) 


8.28(8) 


H(37) 


840(2) 


505(2) 


265(2) 


4.6(5) 


C(24) 


3917(2) 


2751(2) 


330(1) 


4.77(4) 


H(42) 


848(2) 


487(2) 


616(1) 


3*6(4) 


N<25) 


4176(2) 


3043(2) 


-482(1) 


7-23(4) 


H(47a) 


716 (3) 


184(3) 


476(2) 


8.2(8) 


N<26) 


5359(1) 


3541(2) 


2085(1) 


4.33(3) 


H(47b) 


597(3) 


237(3) 


472(2) 


9.1(8) 


Q31) 


9147(2) 


6004<I) 


976(1) 


3.47(3) 


H(48a) ' 


728(3) 


153(3) 


660(2) 


9 lf91 


C(32) 


9535(2) 


6193(1) 


2010(1) 


3.23(3) 


H(48b) 


619(3) 


205(3) 


661(3) 


10.7(11) 


C(S3) 


10586(2) 


6925(2) 


2207(1) 


3.85(3) 


K(48c) 


608(2) 


92(3) 


607(21 


7 5fT> 


C(S4) 


11212(2) 


7475(2) 


1414(2) 


431(4) 


H(52a) 


613(2) 


466(2) 


-56(2) 


6 0(6) 


C<35) 


10821(2) 


7302(2) 


404(1) 


4.85(4) 


H(52b) 


693(2) 


370(2) 


-41(2) 


5,1(5) 


0(36) 


9810(2) 


6570(2) 


190(1) 


4.31(4) 


H(53«) 


693(3) 


549(3) 


-224(3) 


10.5(9) 


N(37) 


8911(1) 


5603(1) 


2819(1) 


338(3) 


H(53b) 


770(3) 


446(2) 


-203(2) 


7.8m 


0(38) 


8978(1) 


5877(1) 


3799(1) 


2.92(3) 


H(53c) 


643(3) 


405(2) 


-222(2) 


7-5(7) 


N(39) 


9491(1) 


6929(1) 


3974(1) 


331(3) 


H(56a) 


1036(2) 


876(2) 


450(2) 




C(40) 


9656(2) 


7219(1) 


4930(1) 


3.40(3) 


H(S6b) 


1024(2) 


854(2) 


568(2) 


5.0(5) 


Q41) 


9321(2) 


6423(1) 


5794(1) 


3.26(3) 












C(42) 


8731(1) 


53670) 


5597(1) 


3.18(3) 












Q43) 


8510(1) 


5057(1) 


4606(1) 


Z93(3) 












C(44) 


7812(1) 


3959(1) 


4401(1) 


3.23(3) 












0(45) 


7506(1) 


36S6(t) 


3552(1) 


434(2) 












0(46) 


7491(1) 


3303(1) 


5267(1) 


4w08(2) 












Q47) 


6746(2) 


2215(2) 


5122(2) 


4-99(5) 












C(48) 


6524(3) 


1617(3) 


6161(2) 


6.94(6) 












C(49) 


8076(2) 


5207(2) 


6750) 


3.61(3) 












0(50) 


7507(1) 


4544(1) 


12640) 


4.89(3) 
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Atom 10*X/a 


10 4 Y/b 


10<Z/c 




Atom lO J X/a 


i<nr/b 


10'Z/c 


0(51) 7818(1) 


5288(1) 


-344(1) 


4.72(3) 








q52) 6648(2) 


4507(2) 


-775(2) 


4.97(4) 








QS3) 6936(3) 


4627(3) 


-1912(2) 


5.79(5) 


i 






q54) 9609(2) 


6755(2) 


6810(1) 


4.04(3) 








N(55) 9872(2) 


7081(2) 


7599(1) 


6.08(4) 








N(56) 10145(2) 


8291(1) 


5047(1) 


4.99(4) 








*B H « 8/3 t*EJCjaM^t 




















Table 3 










Bond Lengths (A) and Angles 


(°) for 8a. IU.d. Values are Giren in Parentheses 




Atoms 


Molecule 1 


Molecule 2 




Atoms 


Molecule I 


moictujc a 


C(1).C(2) 


1.409(2) 


1.409(2) 




C(11).C(12) 


1379(3) 


1371(2) 


C(l).C(6) 


1,394(2) 


1.405(2) 




C(ll)-C(24) 


1.427(2) 


1.428(2) 


QD'C(19) 


1.481(3) 


1.482(3) 




C(12) - C(I3) 


1378(2) 


1384(2) 


C(2)-C(3) 


1.400(2) 


1399(3) 




ai3)-qi4) 


1-469(3) 


1.459(2) 


Q2).N{7) 


1.402(2) 


1.410(2) 




C(14).0(15) 


1.219(2) 


Uli(2) 


C(3).q4) 


1.372(2) 


1.382(3) 




C(14).0(16) 


1326(2) 


1345(2) 


q4).qs) 


1.386(2) 


1.376(3) 




0(16) -C(17) 


1.460(2) 


1.455(2) 


C(5)-q6) 


1.368(3) 


1367(3) 




qi7) - qi8) 


1.496(4) 


1.482(4) 


N(7)*qS) 


1.365(2) 


'1365(2) 




C(19).O(20) 


1.201(2) 


1.206(2) 


C(8)-N(9) 


1344(2) 


1334(2) 




C(19)-0<21) 


1327(2) 


1325(2) 


C(8) - Q13) 


1.425(2) 


1.43S(2) 




0(21). C(22) 


1.467(3) 


1.445(2) 


TO . Q!0) 


1337(2) 


1332(2) 




C(22) • Q23) 


1.474(4) 


1.498(4) 


qiO)-C(ll) 


1.414(2) 


1.425(2) 




Q24) - N(25) 


i .141(2) 


1.144(2) 


C(S0)-C<26) 


1342(2) 


1332(2) 











C(2K(1>C(6) 


119.2(3) 


119.2(1) 


qio>.qii>C(i2) 


1173(1) 


117.4(1) 


C(2>C(l).qi9) 


121.4(1) 


122.9(1) 


qio>qu>C(24) 


1203(3) 


1193(1) 


Q6)^(i>C(i9) 


119.4(1) 


117.9(1) 


C(!2>C(ll>C(24) 


121.9(2) 


123.40) 


Q!)-q2>C(3) 


118.4(1) 


117.9(1) 


C(u>qi2)-qt3) 


121.6(2) 


121.9(1) 


ai>Q2).N(7) 


119.9(1) 


120.4(1) 


q8>C(i3>qi2) 


116.7(1) 


116,6(1) 


Q3>C(2VN(7) 


121.6(1) 


121.6(1) 


Q8).qi3>C(14) 


122.7(1) 


1223(1); 


(X2KX3W4) 


1203(1) 


121.4(2) 


C(12>C(13).C(I4) 


t2a5(i) 


121.1(1): 


q3>C(4)-C(5) 


121.2(2) 


1203(2) ' 


C(13)-qi4H)(15) 


124.0(1) 


1253(1): 


q4>C0K(6) 


1183(2) 


119.4(2) 


qi3>qi4>CKi6) 


113.6(1) 


1123(1) 


qiK(6>QS) 


121.7(2) 


121.6(2) 


0(15>qi4>0(16) 


1223(1) 


121.9(1) 


C(2>N(7)-C(8) 


1283(1) 


127.7(1) 


qi4H)(i6>qi7) 


1153(1) 


116.1(1) 


N(7>C(6>N(9) 


1173(1) 


117.6(1) 


0<i6>qi7>qi8) 


1073(2) 


1073(2) 


N(7>C(8)-qi3) 


120.4(1) 


1203(1) 


qi>qi9>0(20) 


125.3(1) 


125.6(1) 


Nf9>Q8>qi3) 


122.4(1) 


121.6(1) 


qi>qi9>o(2i) 


112.0(1) 


11 1.4(1) 


Q8>N(9>C(iO) 


1193(1) 


120.2(1) 


(X20>qi9)-O(21) 


122.7(1) 


123.0(1) 


N(9>qi0>qil) 


122.0(1) 


121.7(1) 


qi9)-0(2lHX22) 


117.4(2) 


na7(i> 


N(9K#0>N(26) 


116.3(1) 


1173(1) 


0(21>q22>q23) 


106.6(2) 


106.1(2) 


C(il>qiO>N(26) 


121.6(1) 


121.1(1) 


qil>CC24)-NC25) 


178.2(2) 


176.0(2) 
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trogen, N(7), and one aromatic ring plus its substituents 
(Figure 1). The dihedral angles between the ring planes 
are 138 and 149° in molecules 1 and 2 respectively. The 
torsion angles C(2>-N(7>C(8)-C(9) and C(3)-q2)-N(7)-C(8) 
with the respective values of 4- 19 [7] and +29° (molecule 
IX and +16 and +22° (molecule 2) define a twist confor- 
mation for the bridged aromatic rings with the bulky ester 
functions ortho to N(7) in the distal positions. The compar- 
able bond lengths and angles in the two independent mol- 
ecules are in good agreement (Table 3). Note that this 
structure has the pyridine nitrogen distant from the ester 
carbonyl group which would be involved in a cyclization 
reaction. 

In the crystal, the molecules are linked into chains along 
the [110] direction by four unique intennolecular 
hydrogen bonds (Figure 2). For these interactions, the exo- 
cyclic amino groups are hydrogen bonded to the two car- 
bonyl oxygens of the ester groups of an adjacent molecule. 
The H -bonding dimensions are given in Table 4. Each mo- 
lecular chain is composed of ope mirror image con former 
only. 





Figure 2. Stereo view of the crystal pecking of 8a. 

Reaction of Aminoquinazolinone 5 with EMME. 

The initial reaction with EMME at 180° was quite 
facile, but only proceeded to the intermediate, 10, in con- 
trast to reactions of the acetate esters 1 and 4. Thermal 
cyclization to 11 was readily achieved in diphenyl ether at 
240° (better than paraffin which gave a lower yield and 
the product was impure). A single mode of cyclization was 
followed, onto N-l of the quinaxoline, as indicated by the 
low field shift of the H-10 signal in the 'H near spectrum of 
the product This behaviour accords with that of the ace- 
tate ester 4 above in its reaction with EMME. 

Reaction of Arainoquinazoline 5 with EMMN/EMCA. 

Reactions with these two reagents were similar, but with 
surprising internal differences, with the overall pattern re- 
sembling that for the acetate esters. The high melting 
point and low solubility of 5 did not allow reactions with 
neat EMMN or EMCA, as previously, or in common sol- 
vents. Ethanedtol was successfully used and, at 100°, solid 
separated from each reaction mixture within 1 hour. 

This initial product from the EMCA reaction was ob- 
tained as an isomeric mixture (1.5:1), which still contained 



ethyl and cyano functions, and was assigned structure 12a. 
No further reaction occurred under these conditions. The 
analogous intermediate presumably forms in the EMMN 
reaction but is evidently more reactive as the initial eth- 
anediol insoluble product incorporated a molecule of eth-. 
anediol and was assigned structure 14 by analogy with the 
formation of 8 from the acetate ester. Compound 13 is 
therefore proposed as the undetected precursor of 14. 

These intermediates underwent rapid cyclization at 
240-270° (see Experimental for conditions) with the forma- 
tion of high-melting, yellow products, assigned structures 
IS. The *H omr pattern for the aromatic protons of the 
two compounds were identical and different from either 
12 or 14. The cyclization of 14 is significant (note the dif- 
ference to the stability of 8) as the product can only be a 
linear tricycle. 

Table 4 j 

Hydrogen Boodiog Duneaiioas for 8a. j 
Dwunce* (A) and Angles (°)« 



Atoms 


N....X) 


N-H 


H..X) 


<N-H-X> 


Symmetry 
Operation 


N(26).~.0(4S) 


2.969(2) 


0.93(2) 


2.14(2) 


149(2) 


Nooe 




2.894(2} 


0^7(3) 


239(2) 


117(2) 


None 


N(5€).-4X15) 


2.916(2) 


0.89(2) 


2.08(2) 


159(2) 


I + x, 
1+* 

2 


N(5©)_.0(20) 


3.019(2) 


0.91(2) 


2.62(2) 


108(1) 


I + x, 



Two structures, 13 or 15, are possible, however, depend- 
ing on which pyrimidine N is involved. We prefer 15 for 
the following reasons: 

(i) The l H nmr signal for H-4 is at a significantly lower 
field than for any other like proton in the series we have 
investigated (such as 12 and 14), attributable to the adja- 
cent carbonyl function. 

pi) Of the two pyrimidine nitrogens in 14, that para to 
the amino group would be more nucteophilic and less bin* 
dered. 

(iii) The cycli2ation of 14 but not of 8 (where such a 
ring nitrogen is absent) also suggests that this nitrogen is 
involved. If this assignment is correct, 12a cannot lead 
directly to 15a and it is necessary to postulate a rearrange- 
ment occurring along this route. 

The exact form of compounds 15 in dimethyl sulfoxide 
is not known; the *H nmr spectrum showed two slightly 
broadened single peaks in the aromatic region, in> addition 
to those for the ring protons. These peaks were maintain- 
ed, though shifted downfield by 1.5 ppm f on the addition 
of a few drops of trifluoracetic acid. Structures 15 would 
not be expected to show two distinct NH signals. 
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The pyrunido[2,l»b]quinazolin-6-one system, 15, is 
known and is readily formed from Mpyrimidinylan- 
thranilic acids (as would be derived from 14), especially if 
a position next to N is unsubstituted, and the ring opens 
again under bydrolytic conditions [8], Compounds IS 
underwent solvolytic ring opening quite readily. Thus, 
boiling methanol converted 15a to the methyl ester 16a, in 
a few minutes, while the much less soluble 15b required a 
longer reaction time. In ethanediol at 100° t 15b did dis- 
solve and revert to 14 which precipitated from the solution 
as it formed. 

The ease of the ring opening-ring closing process was 
more conveniently demonstrated for the more soluble 
acetyl derivative 17. Dissolution of 17 in hot ethanol caus- 
ed rapid ring opening to 18. However, recyclization occur* 
red while the 'H nmr spectrum was being recorded in 
chloroform, and a c 1:1 equilibrium mixture was establish- 
ed within 30 minutes. 

This work has revealed some interesting differences be- 
tween quinoline and quinazoline compounds in reactions 
with EM ME and related compounds and, in the prepara- 




o nh, 



12a 2-COjEt 
12b 2 -OH 



13 





1 * 
15a 2-COjHt 
15b ZbCN 



2SO* 



Z a CN, elhanedk.1 



coy 



NH 
14 




16a Z.COjEi 
16b 2 - CN 



odoc — cc'xc 



18 



tion of 6 and 15, has allowed an alternative route to some 
highly substituted derivatives of interesting tricyclic 
systems. The substituted hetaryl derivatives of the an- 
thranilic acids so readily produced in the ring opening re- 
actions are also of interest since related compounds have 
previously been found to be pharmacologically active [8J. 

EXPERIMENTAL 

Reaction of 4 with EMME. 

A mixture of 4 (9) (0.5 g) and EMME (0.42 g) was heated at 180° for 1 
hour. This solidified oo cooling and wu filtered with the aid of some cold 
acetone to give 6 {0.6 g, 80 %\ mp 208-209° (from toluene); *H omr (deu- 
teriochbroform): 200 MHx, 6 1.39, 1.42 { t + u 6H, CH,CH„ J * 7 Hz), 
436, 4.40 (q + q, 4H, CH,CH 3 , J = 7 Hi), 7.33.7.84 (m, 2H, H-8,9), 8.22 
(d, 1H,H-7.J = 8Hz),8.7l(OH,H.3).9.06(d, JH.H-IOJ = BHz\\2S 
(br a, IH, NH). An analytical sample was further purified by passing 
through t short alumina column, using chloroform as the eluent. 

And Calcd. for CJiJlfif C, 60.7; H, 4.S3; N, 7.9. Found: C, 60.7; H, 
4.2; N, 7A 

Reaction of 4 with EMMN. 

(a) In Ethanol. 

Compound 4 (1.0 g) and EMMN {0.53 g) in ethanol (20 ml) was heated 
under reflux for 3 hours and the ethanol was then distilled oft The 
residue was extracted with hot toluene, filtered while hoi, and the filtrate 
concentrated and cooled to give 8a (1.4 g, 91%) u white crystals, mp 
70-75° (then resolidified and melted again at 151-152°); l H war (deu- 
tcrioehlorofbrm): 400 MHx, 6 1.37, 139 (t +■ t. 6H, CH.CH,, J = 7 Hx)> 
4.39 (q + q, 4H. CH,CH„ J = 7 Hi), 5.36 (br s, 2H, NHJ, 7.12 (t, 1H, 
H-5,J = 8 HxX 7-47 (t, IH, H-4.J m 8 Hz\ 8.0 (d, 1H, H-3,J = 8 Hi), 6\2 
(d, IH, H-6, J = 8 Hz), 833 (s, IH, HetHX 1 IS (s, lH, NH). A sample for 
analysis was further recrystallized from methanol. 

AuL Calcd. for C w H u N 4 0 4 : C, 61.0; H, S.I; N, ISA Found: C, 61.* H, 
S.0; N, 1S.6. 

(b) In EthasedioL 

The mixture was heated at 100° for 1.5 hours, cooled, and water was 
added to gire the pale yellow Sc, mp 151-152° (from toluene} in 60% 
yield, *H nmrfdeoteriochloroform) 400 MHx, 6 139 {u 3H, CH S CH„ J = 
7 Hi), 3*2-3.95 (t, 2H, CH,OH. J 7 Hi) 4.3543 (m, 4H, CH,CH. + 
0CH J X636(hrs,2H,NH J ) l 7.17(t t 1H.H-5J « 8 Hz), 7.S7(t, 1H.H4.J 
= 8 Hx), a 14 (d, IH, H-3, J » 8 H*X 83 (d, IK, H-6, J = 8 Hx), B37 (s, 
lH,HetH),H.8(s, IH, NH). 

Reaction of 4 with EMCA. 

This was carried out in ethanol «s for the EMMN reaction and gave flb 
as white crystals, mp 170-171° (from ethanol}; 'H nmr (deutcriochloro- 
fora* 400 MHz, 6 13-1.4 (t + t + t.9H, CH,CR„J = 7 Hz), 4.3 {q. 2H, 
CH.CH,, J » 7 HxX 4.4 (q + q, 4H, CH 4 CH J, 5.6 <hr b. IH, NHfc 74 (t, 
1H,R\5,J «=8Hx).7.4S(UH t H-4.J «8Ht),aO(d + brs.2H,H«3 4- 
NHX 8.4 (d, IH, H-6, J = 8 Hx), a75 (s, IH, HetHX 11.9 (s, lH, NH). 

AtutL Calcd. for C^N.O^ C, 59.85; H, 5.7; N, 103. Found: C, 59^; 

Reaction of S with EMME. 

An equina olar rniztore of 5 (prepared from guarudinc carbonate and 
Isatolc anhydride, as for the 6-nitro analog [10]) (1.0 g) and EMME (1.34 
g) was heated at 180° for 1 hour during which time it gradually 
BolidiHed. The solid was boiled with light petroleum, cooled and filtered 
to give 10 as a fawn solid (135 g, 90%), mp 213-215° (resolidifies) (from 
ethanol). 'K nmr (deuteriochloroform> 90 MHx, 6 LS (t, 6H, CHlCH Jt J 
* 7 Hx), 4^ (q + q, 4H, CH.CH,, J = 7 Hx), 7J-7.9 (m, 3H, H-6,t,8X &0 
(d, IH, H^. J « B Hx). 8.9 (d, IH, NHCH = , J « 12 Hz\ 10.45 Id, IH, 
NH,J=12Hx), 
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Anal. Calcd. for C^K^O,: C, 58.0; H, 5.1; N v 12.7. Found; C, S8.1 ; H f 
5.4; N, 12,9. 

Cyclization of 10. 

Compound 10 (0.3g) was tdded to stirring diphenyl ether At 240°. 
After 1.5 minutes, the solution vu cooled, a little light petroleum (bp 
6O>90°) was added end the solid filtered to give H (0.21 g. 81%), mp 
242-244° (from toluene); 'H nmr (DMSO-dJt 200 MHz, 6 13 (t, 3H, 
CHjCHj, J = 7 HzX 4.25 (q, 2H. CH,CH„ J = 7 HxX 7.67 (t, IK, H-8,J = 
B HrX 7.89(t, 1H, H-9, J « 8 HxX 8.21 (d, IH, H-7, J = 8 HzX 8.48 (s, IH, 
H-3X9,13(d,lH,H-10,J = BHtl 

Anal Calcd. for C u H u N,0 4 : C, $8.9; H, 3.9; N, 14.7. Found: C. 59.0; R, 
3>. N, 15.0. 

Reaction of 5 with EMMN. 

Compound 5 (030 g) was dissolved in hot ethanediol (4 ml) and to this 
solution at- 100° was added EMMN (0.23 gX The mixture was maintained 
at 100° for 1 hour during which time a pale yellow solid separated. This 
was filtered, washed with methanol, and recrystallued from toluene to 
give 14 (0.47 g,M%\mp 248-250° (turned dark yellow, resolidified and 
had mp >330°>; 'H nmr (DMSOdJ: 200 MHz, 6 3.7 (m, 2H, 
CH.GH.OHX 4.3 (t, 2H, CK^CH.OH. J 7 HxX SJ> (t, 1 H, OH , J = 7 HxX 
7.1 (1. 1H, H-5, J = S Hx), 7.6 (t, 1 H, HA t J = 8 HxX 7.7 (br a, 2H, NH»X 
8.0 (d, 1 H, H-3. J s. 8 Hx), 8,4 (s, 1H, HetHX 8.75 (d, 1H, H-6, J sa 8 Hx), 
10.7 (s,lH, NHX 

Calcd. for C^H^O,: C, 56.2; H, 43; N, 23.4. Found: C, 56.3; H, 
4.1; N, 23.5. 

Cyclixation of 14. 

Compound 14 (0.5 g) was added in portions, with stirring, to paraffin 
(10 ml) at 270-280°. After 5 minutes at this temperature, the mixture was 
cooled, light petroleum (bp 60-90°) was added and the orange solid, 15b, 
(0.3 g, 76%) was filtered, and bad mp >330° (from dimethyl sulfoxide); 
«H nmr (DMSO-d*): 400 MHz, 3 734 (t, 1H, H-8, J « 8 Hz), 73 (d, 1H. 
H-10, J = 8 Ht), 7.8 (t, 1H, H-9, J = 8 HzX 8.0 (br a, 1H, NH), 8.13 (d, iH, 
H-7, J = 8 HxX 8.S (br a, IH, NHX 9.4 (a, IH, H4* Ir (potaasium bromide): 
p 3380, 3100 Q>t\ 2240, 1725, 1665 cm**. The eydisaKoo was also achiev- 
ed by beating the solid 14 at 270° In an open beaker. 

Anal Calcd. for C u H,N s O; C, 60.7; H, 3.0; N, 29.5. Found: C, 60.4; H t 
3.0; N. 29.7. 

Reaction of 15b with Methanol. 

A slurry of 15b (0. 15 g) in methanol (20 ml) was heated under reflux for 
1 hour and filtered while hot This process was repealed three times on 
the unreacted lSb. The combined methanol extracts were evaporated 
and the residue recrystalKzed from methanol to give the cream 16b (0.08 
gX which darkened and changed form over the range 255-265°; 'H nmr 
(DMSQ-0%): 200 MIIz, 6 3.9 f>, 3H, OCHjX 7,1 (t, IH.H-5, J e 8 HxX 7-6 
(t,lH,H-4,J m 8HxX?.7(bra,2H,rffl,X8.0(d,lH,H-3J = 8HzX8.45 
(s, IH, HetHX 8.75 (d, IH, H-6, J = B HzX 10.7 (a, IH, NHX 

Anal Calcd. for C u H u N J 0 J : C, 58.0; H, 4.1; N, 26.0. Found: C, 57.6; H, 
4.0; N, 26.0. 

Reaction of 15b with EthenedjoL 

A solution of lSb (0.2 g) in ethanedioJ (2 ml) was heated at 100° for 1.5 
hours during which time a solid separated. The cooled solution was 
diluted with methanol sod filtered to give a quantitative yield of 14. 

Reaction of 5 with EMCA. 

This was carried out as for the reaction with EMMN to produce, after 
recrystaHtxatioa from a targe volume of ethanol, an 85 % yield of 12a. as 
a mixture of isomers (A, B) (1.5:1X top 198-199° (resolidified and melted 
again at 2S0°X *H nmr (DMSOdJ: 400 MHz, 6 1.25 (t, 3H. CH,CH, A, J 
= 7 HzX 1.28 (t, 3H, CH,CH, B,J = 7 Hz), 4.24 <q, 2H, CH.CH, A, J = 7 
HxX 43 (q, 2H, CU,CH, B, J = 7 HxX 4-45 (br a, 4H, NH, A + B) 737 (t, 
1H, H-7^ f J - 8 HzX 7.39 (t, IH, H-7 B, J = 8 HzX 7.51 (d, 1H, H-8 A, J 
* 8 HzX 7.54 (d, IH, H-8 B, J = 8Hz), 7.75 (t.2H, H-6 A + B,J ax 8 HzX 



8.0 (d. 1H, H-5 A, J s 8 HiX 8.03 (d, IH, H-5 BJ s8 HxX 8.6 (br a, IH. 
-CH= A), 8.8 (s, IH, -CH= BX ir (potassium bromide* 3210, 2220, 
1690, 1650, 1620 cm"'. 

Anal Calcd. for C^H^N.O,: C, 59.2; H, 4^; N, 19.7. Found: C. 59.2; H, 
4.6; N, 19.6, 

CycHzation of 12a. 

When this isomeric mixture was heated in diphenyl ether, at 250°, for 
5 minutes, the yellow 15a, mp 250-251° (from dimethyl sulfoxideX was 
obtained in 93% yield; 'H nmr (DM$0-d,> 200 MHz, 6 1.38 (t, 3H, 
CH,CH„ J o 7HxX4.4(q,2H,CH t CH w J -7HzX7J2(t,lH,H^,J = 
B HxX 7.5 (d, IH, H-10, J = 8 HzX 7 £ (t, lH,H-9, J = 8 HzX B.0(baa, IH, 
NHX 8.11 (d, IH, H-7, J = 8 HzX 8.6 (far a, IH, NHX 93 (s, IH, H-4X ir 
(potassium hromide> 3430, 3300-2900, 1710, 1650, 1605 cm". 

Anal Calcd. for C^H^N.0,: C, 59.2; H, 4.2; N, 19.7. Founds C, 58.6; H, 
4.3; N, 19.4. 

Reaction of 15a with Methanol. 

. Compound 15a (0.4 g) dissolved in boiling methanol. After 15 minutes, 
the solution was cooled and 16a (0.28 g, 64%X mp 170-172° (resolidified 
and melted again at 250-252°), separated and was collected; 'K nmr 
(DMSCW^X 200 MHz, I 136 (t, 3H, CH,CH„ J = 7 HzX 3.93 (s, 3H r 
CH^X 4.32 (q, 2H, CH^H,, J w 7 HxX 7.0 (t, IH, H-5, J = 8 HxX 7.5 (t, 
1H.H-4, J *= 8 HzX B.0 (d, IH, H-3, J = 8 HzX 8.75 {s, 1 H. HetHX 482 (d, 
IH, H-6, J = 8 HzX 10-9 (br s, IH, NH). 

Anal Calcd. for C u H t4 NA: C, 57.0. H, 5.1; N, 17.7. Found: C, 57.0; H, 
5.1; N, 17^.. 

Acetrlation of 15a. 

A mixture of 15a (2.0 g) and acetic anhydride (5 ml) was heated under 
reflux for 15 minutes. Solid separated from the cooled solution. This was 
filtered, washed with light petroleum (bp 40-?0°X and recryataUized from 
dtozao to give the lemon yellow 17 (1 £ g, 70 %X mp 216-217°, which re- 
tained V£ molecule of dioxaa even after vacuum drying; l H ami {deu- 
teriocbJoroformJr 200 MHz, 6 1.45 (t, 3H, CH.CH^ J « 7 HzX 2.72 (a, 3H, 
COCHA 3.7 (a, 4H, dioxanX 4.46 (q, 2H, CH^CH,, J « 7 HzX 7.44 (t. IH, 
H-8,J = 8 HzX 7,7-7^ (m, 2H, H-9,10X 83 (d, IH, H-7, J * 8 HzX *7 (a, 
1H,H-4X 10.9 (bra, 1H,NHX 

Anal Calcd. for C U H W N 4 0**V5 C 4 H t 0,:Q 58.4; H, 4.9; N, 15.1. Found: 
C. S8.7; H, 5.0; N, 15.3. 

Reaction of 17 with EthanoL 

When 17 was heated with ethanol for a few minutes and the solution 
concentrated, a solid, mp 189-190° (resolidified) was obtained. The 'H 
nmr spectrum {deuteriochloroform): 200 MHz, changed quite rapidly 
with time, consistent with a change from 18 [6 1.15 (t, 3H, CH a CHj, J s* 7 
HzX 1.38 (t, 3H, CH^Hp J = 7 HzX 2^5 (s,-3H. COCHA 3.75 (q, 2H, 
CH,CH 41 J = 7 HzX 43 (q, 2H, CH,CH„ J = 7 HzX 7.1 (s, IH, HetHX 
732 (t, lH,H-5 a J s« 8 HiX73(d. IH.H4J « 8 HzX 7.7 (t, 1 H, H4, J o 
8 HzX 8.2 (d, IH. H-6, J = 8 Hz), 11.7 (br a, IH, NH3 to 17 (peaks as 
above) and reached a 1:1 ratio within 30 minutes. Addition of drops of 
ethanol altered this ratio in favor of 18. 

X-Ray Analysis. 

Compound 8a formed prismatic crystals (elongated along the (010) 
direction) from acetone on evaporation. The crystal data are given in 
Table 1. The setting angles for 25 reflections, 41° < 2$ (CuKc*) < 59 fl , 
were used to determine the cell parameters. Intensities were measured at 
289(1) K on a Rigeku-AFC diffractomcter with CuKa radiation (graphite- 
crystal monochromator, X = 13418 A). The data were recorded by an u 
• 2$ scan with a range (Aw) of 1.2° + 03° tan 0 and scan rate 2° min~*. 
Three standard reflections monitored every 50 reflections showed no sig. 
nificant variation in intensity during the data collection. Data to a 28 
(max) of 130° yielded 5903 unique terme. The integrated intensities were 
corrected for Lorentz and polarization effects and for absorption (Jirans- 
mission factors ranged between 0.747 and 0.856X 

The structure was solved by direct methods with SHELX76 (MX and 
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all H atom lites were located on difference map*. Refinement with aniso- 
tropic temperature factors giren to the C. N and 0 atoma and isotropic 
given to the H atoms, was carried out in two blocks, each block coo- 
taining parameters for one molecule of the asymmetric unit. At con- 
vergencc R = 0.048, R. = 0.05S and S = 2.07 (defined as [Ew (ArT/(N. 
•N,)]** for 614 variables (N„) «nd S127 data (NJ for which I * <rl. The 
function minimised was Ew ( | T m \> | F. | ? with « = (o* | F. | + 
0.00035 | F« j 3 )' 1 . An isotropic extinction correction of the form F = F 
[1 - (1.025 x 10~ s | F |%in fl] was applied to the calculated structure 
amplitudes. The largest peaks on the final difference map were of 
heights +024 and —0.25 e A" 3 , and the maximum ahift-to-error ratio at 
convergence was 0.03:1. The atomic scattering factors used were those 
stored tn SHELX76. 

The final atomic coordinates are given in Table 2 and hond lengths 
and angles involving the non-hydrogen atoroi are lUted in Table 3. 
Figures 1 and 2 have been prepared from the output of 0RTEP-II [12). 
Anisotropic thermal parameters, abort intermolecular contacts and 
listings of observed and calculated itructure amplitudes are available as 
supplementary material. 
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